Abstract Micro/nano-fabrication techniques, such as soft lithography and electrospinning, have been well-developed and widely applied in many research fields in the past decade. Due to the low costs and simple procedures, these techniques have become important and popular for biological studies. In this review, we focus on the studies integrating micro/nano-fabrication work to elucidate the molecular mechanism of signaling transduction in cell biology. We first describe different micro/nano-fabrication technologies, including techniques generating threedimensional scaffolds for tissue engineering. We then introduce the application of these technologies in manipulating the physical or chemical micro/nano-environment to regulate the cellular behavior and response, such as cell life and death, differentiation, proliferation, and cell migration. Recent advancement in integrating the micro/ nano-technologies and live cell imaging are also discussed. Finally, potential schemes in cell biology involving micro/ nano-fabrication technologies are proposed to provide perspectives on the future research activities.
Introduction
Micro/nano-fabrication technologies have become more and more important for biology, especially for cell biology. As one of the central methods to manipulate the cell environment for the study of the signaling pathways and the underlying molecular mechanism of cellular responses, including cell life and death, stem cell differentiation, proliferation, cell migration and so on, micro/nano-fabrication technologies have several advantages. First, the fabrication techniques can create local cellular microenvironment to closely mimic the physiological and pathological environment. Second, the microenvironment can be generated in a precisely predictable manner to study the live cell real time response under different environment. Third, it is easy to modulate the topography and density of the extracellular matrix (ECM) proteins to control the local chemical environment for cell adhesion; Finally, these micro/nano-technologies can help the designation and generation of well-controlled three-dimensional structures, which can allow the culturing or co-culturing of cells in an environment similar to in vivo conditions for tissue engineering and regenerative medicine. As such, micro/ nano-fabrication technologies become essential to modern biological studies.
In this review, we first introduce several well-developed micro/nano-fabrication technologies which can be applied to create different micro/nano-structured environment, both in 2D and 3D. We then discuss the applications of these technologies in studying cellular responses and behaviors, such as apoptosis, differentiation, proliferation, cell migration. Subsequently, the integration of micro/nanotechnologies and molecular imaging in live cells is discussed. Finally, we briefly describe the potential future applications of micro/nano-fabrication technologies in the research field of cell biology.
Micro/nano-fabrication technologies
Many micro/nano-fabrication technologies have been invented and developed during the past decades. Indeed, some of them have already widely applied in the cell biology study. In this section, we introduce and emphasize on several prominent technologies, such as soft lithography, electrospinning, nano-structured patterning technologies (including dip pen, e-beam writing, nano-imprint lithography, nano-shaving, and so on), and three-dimensional fabrications. A table is also presented to highlight the pros and cons of different major technologies (Table 1 ).
Soft lithography
Soft lithography is the keystone of a set of techniques for non-photolithographic fabrication, which is mainly based on the elastometric stamp to mold desirable two-or threedimensional micro/nano-scale patterns on different substrata [3, 4, 25, 65] . In general, it includes several major techniques: microcontact printing, replica molding, microtransfer molding micromolding, and solvent-assisted micromolding. Due to its low cost and easy fabrication characteristics, it has been widely applied in biology studies during the past decade.
Soft lithography process is usually divided into two parts: (1) create and fabricate the elastomeric elements; (2) apply these elements to release the desirable geometrical patterns onto substrata. Figure 1 is a representative scheme illustrating the major steps of soft lithography: the preparation of a poly(dimethylsiloxane) (PDMS) stamp using replica molding, and the transfer of patterns by microcontact printing (lCP). The whole process starts with the exposure of a spinning-coated photoresist film to ultraviolet lights on a silicon support through a mask. After dissolving the unexposed photoresist, the remaining photoresist is developed to form the master with designed patterns. The size of the patterns is usually determined by the dimension of patterns on masks. In order to achieve the desirable dimensions and precision, it is also necessary to control the spinning coating speed, the periods of exposure time and development. Subsequently, the master needs to be exposed to vapors of CF 3 (CF 2 ) 6 (CH 2 ) 2 SiCl 3 for 2 h in a desiccator with a low pressure to reduce its tendency of Fig. 1 A scheme shows the procedure of developing micro-patterns by soft lithography. The process starts with fabricating photo resist patterns on silicon wafer by photolithography and remolding the patterns by PDMS. This is followed by micro-contact printing during which the PDMS stamp is rinsed with an ethanolic solution of a thiol to transfer thiol patterns on gold surfaces adhering to elastomer stamps, which is generated by pouring elastomer (typically PDMS; Sylgard 184) over the master. The elastomer will then be cured for 2 h at 80°C to form the PDMS stamp, which can be peeled off from the master afterwards. Before doing lCP, the uncured ingredients can be extracted by CH 2 Cl 2 to clean the mold surface. The stamps are then ready to be inked with an alkanethiol solution with ethanol as the solvent. The ethanol can be removed by evaporation in a stream of nitrogen and then brought into contact with a thin film of gold on a solid surface for around 30 s. This patterned self-assembled monolayers (SAMs) is now ready for the coupling of functional molecules/proteins to create micro/nano-environments for cell culture.
Due to the advantages of soft lithography, e.g., it can be fabricated at low costs and cells constrained on a certain location with desirable shapes, there are a lot of applications of soft lithography in cell biology, such as creating patterned cell culture and co-culture systems, manipulating topography of ECM, and imposing cells with gradient chemical stimulation [25] . SAM is not the only way to obtain soft lithography patterning surface. Ma et al. created micro-patterns via micro-contact printing method [27, 37] . With this method, the patterns created by comb polymer were quite stable. While the micro-contract printing technology has been exceedingly useful and applied in cell biological studies, there is a practical limit in the resolution of the created patterns, typically at the scale of 100-200 nm [53] . This is mainly due to the surface diffusion of the molecular inks and the molecular disorder at the pattern edges.
Microfluidics system is another major application of soft lithography technology. Microfluidics systems are typically applied for the screening purpose of protein crystallization, bio-analysis, synthesis, examination, and manipulation of samples consisting of a single or multiple cells, and drug development. Different kinds of stimuli (chemical molecules or mechanic stimulation) can also be delivered to cells by this system in microfluidic channels at subcellular levels. For example, Takayama et al. reported the application of multiple laminar streams in a microfluidic channel to deliver membrane permeable molecules to highlight subcellular microdomains [59] . This method can also be readily applied for the potential non-invasive visualizing, probing, and manipulating the cellular metabolic and structural machinery. Chiu et al. have created a threedimensional microfluidic system which can deliver cells to an adhesive tissue culture surface patterned in concentric squares [57] . Different cell types, e.g., bovine capillary endothelial and human bladder cancer cells, can be deposited at different squares. This system can also allow the deposition of the same type of cells on defined areas where each area can be treated with different substances.
Electrospinning
Electrospinning is a fabrication technique utilizing electrical charges to draw fine fibers at the scale of submicron and nano meters. It was invented by Cooley and Morton in 1902, more than 100 years ago. The generation of fiber electrospinning was also achieved during 1930s [58] . In the past decade, largely due to the need in the field of tissue engineering, electrospinning has been significantly advanced to create different materials of scaffolds and hence gained a high popularity. This technique is able to generate fibers with diameters ranging from 3 nm to 5 lm, with small pore sizes and high ratio between the surface area and volume. As shown in Fig. 2 [50], a typical setup of electrospinning consists mainly three parts: a syringe pump containing the materials, a high voltage source which can generate high electric field for spinning, and a collector to collect the fibers. Potential applications for this technique include filtration membrane, catalytic nanofibers, fiber-based sensors, and tissue engineering [50] .
Electrospinning technique has been widely applied in the area of tissue engineering due to its various advantages.
(1) Electrospinning technique can create nano-sized fibers and scaffolds with high ratio between surface area and volume. Indeed, studies have shown that this kind of nanoscale property of the scaffolds is capable of supporting different types of cells better than the micron sized fibers. Kwon et al. [33] demonstrated that human umbilical endothelial vein cells (HUVECs) on fibers between 300 nm and 1.2 lm in size were well-elongated on fibrous meshes, whereas HUVECs on fibers with diameters at 7 lm were round with limited spreading area. Furthermore, the densities of HUVECs cultured on submicron-sized fibers increased continuously whereas HUVECs adhered on the 7 lm fibers remained at a very low density without any sign of proliferation even after 1-week culture. (2) Electrospinning technique can form non-woven fabrics based on a variety of materials, such as polysaccharides (cellulose, chitin, chitosan, and dextrose), proteins including collagen [39, 56] and gelatin [56] , silk [7, 41, 45] , DNA [56] , as well as some biopolymer derivatives and composites. As such, researchers can have more freedom in choosing the materials to be compatible for desired cell types. For example, collagen is considered as one of the major component of ECM proteins. Matthews et al. [39] have chosen collagen as the material to create scaffolds to host aortic smooth muscle cells (ASMCs). The results revealed that the scaffolds were densely populated with ASMCs within 7 days. Indeed, ASMCs can be observed deep within the scaffold, fully enmeshed within the fibrils of the electrospun collagen. Huang et al. [56] also developed a method to gain elastin-mimetic protein fibers and networks by electrospinning an aqueous solution of a genetically engineered 81 kDa peptide polymer based upon the repeated sequence of (Val-Pro-Gly-Val-Gly)4(Val-ProGly-Lys-Gly). Fibers based on DNA component and created by electrospinning have also been demonstrated [16] . (3) Composite scaffolds can also be created by electrospinning. Boland and his co-workers created multi-layer scaffold with both collagen type I and type III. Smooth muscle cells could be observed to infiltrate comfortably into the scaffold [5] .
In summary, because the properties of the scaffolds created by electrospinning, such as the structure, chemical and mechanical stability, and functionality, can be easily modified to match desired applications, electrospinning is an ideal method to create scaffolds for tissue engineering, so that the micro-environment of cultured cells can mimic more closely the environment in vivo.
Nano-structured fabrication
Various nano-structured fabrication techniques other than electrospinning have achieved tremendous progress in applying to cell biology during last decade. Nano-structured materials have many unique properties: (i) large fraction of surface and high ratio of surface area to volume; (ii) high surface energy; (iii) precise spatial confinement; (iv) reduced imperfections. These properties do not exist in the corresponding bulk materials. In this section, we discuss some nano-fabrication methods which have already been applied in the studies of cell biology.
A ''dip-pen'' nanolithography (DPN) in a direct-write fashion was invented in 1999 [51] . In brief, an atomic force microscope tip was used to deliver collections of molecules in a positive printing mode. The results indicate that alkanethiols can be printed in lines on a gold thin film with 30 nm resolution, analogous to what a dip pen can do. During the past 10 years since this technique was invented, DPN has been developed as a general method for generating functional surface-patterns on the sub-100 nm scale, with the chemical composition and structure precisely tailored by an atomic force microscope. For example, Lee et al. [35] applied DPN to fabricate nanoarrays of ECM domains of fibronectin on a thin-film gold surface. 3T3 Swiss fibroblast cells were successfully seeded onto these fabricated patterns consisting of nanoarrays. Therefore, DPN can provide the opportunity to study a variety of surface-mediated biological processes at subcellular levels.
Electron beam fabrication is another method which can create nano-patterns with different materials. Indeed, a resolution of 10 nm was achieved in 1976 [6] and Yasin et al. [63] successfully fabricated \5 nm poly(methylmethacrylate)-resist lines utilizing a developer assisted by an ultrasonic approach. Other nano-fabrication systems, like nano-imprint lithography [22] , nanoshaving, and scanning probe microscopy [36, 66] , have also been developed for studies in cell biology.
Three-dimensional techniques
Apparently, cells in vivo are subjected to environment in three dimensions. In addition, cells in vivo tightly interact with the surrounding environment which contains various physical and chemical cues. As such, the cell environment in vivo is more complicated than what can be generated in 2D tissue culture dishes. Indeed, the cellular functions and structure under 3D environment demonstrated features significantly different from 2D cultured cells [12, 15] . Therefore, three-dimensional techniques are becoming more and more important in cell biology to generate microenvironment mimicking the physiological condition closer than that of two-dimensional devices and patterns. These three-dimensional techniques can offer powerful tools to study the different mechanisms of cellular behaviors and functions under the physiological and pathological conditions.
While not the mainstream activities, three-dimensional devices can also be generated by soft lithography at micron scale and by electrospinning at nano-scale. In this part, we introduce other methods aimed to specifically create threedimensional patterns or devices for the studies of cell biology. Giang et al. reported a method using a mold composed of deep reactive ion etched (DRIE) trenches to get concave cavities in three-dimensional structures [17] . In this case, partially degassed PDMS pre-polymer was applied to a hydrophobic mold with a high curing temperature to create the desired patterns. Ice-lithography was another method newly developed [10] . This method utilizes patterned water droplets created by microscale plasmaactivated templates. The pre-cured PDMS is applied to encapsulate patterned water. The space occupied by water can then formulate the 3D cavities. Joong Park et al. further improved this technique by utilizing DMSO as the liquid to occupy the space within PDMS [48] . This approach allows easier control of the size and shape of the solidified template. With this method, multiple concave micro-wells can be conveniently generated to successfully entrap cells. Therefore, ice-lithography has potential biological and biomedical applications in areas such as the fabrication of cell docking devices. Electroplating is a method to obtain a durable metal replication master for cylindrical microchannels [64] . The master dimension can be controlled by the electroplating time and swapping power. As such, PDMS micro-channels can be obtained without soft lithography. Chan-Park et al. have demonstrated that concave or convex micron patterns can be generated by gas expansion [9] . In this case, pre-polymer substances trapping argon gas in the microcavities can be polymerized by applying UV lights to develop 3D PDMS molds. These micro-channels can be, subsequently, applied to study cell biology.
The applications of micro/nano-technologies in biology
Cells are the basic structural and functional unit of living systems. It is hence important to understand the mechanism of how cells interact with the environment. Indeed, cells are sensitive to biochemical, mechanical, and topological cues. Our understanding of the mechanisms on how cells sense these cues and our ability to manipulate cellular behaviors accordingly will allow efficient and therapeutic intervention of related diseases and expedite the development of new methods for drug screening and discovery. Micro/nano-fabrication techniques are particularly useful in facilitating the research in this aspect by creating and mimicking the physiological and pathological micro/nano environment. In this section, we discuss the recent progress in applying micro/nano-fabrication techniques in cell biological studies, mainly in the field of apoptosis, differentiation, proliferation, and cell migration.
Apoptosis
Normal cells usually will undergo a self-termination or apoptosis, but for cancer cells, they become immortal. It is therefore important to understand the underlying mechanisms governing the cell fate, life, or death. This understanding would help to intervene and cure different diseases. Apoptosis is a programmed cell death, involving a series of biochemical events which eventually lead to the cell death, with morphological and molecular characteristics including blebbing, changes at the cell membrane, cell shrinkage, nuclear fragmentation, chromatin condensation, and chromosomal DNA fragmentation. Apoptosis can be triggered by various stimuli involving different molecular pathways. After many years of continuous effect, the molecular mechanism of apoptosis becomes relatively clear. Among the many techniques which have contributed to the understanding of apoptosis, surface micro/nano pattern technique plays an important role. Chen et al. found that cells could switch from growth to apoptosis when seeded onto small micro-patterned islands containing ECM proteins [11] . The results showed that cells attached to nonpatterned surfaces would not undergo apoptosis, but about 20% of the cells seeded on 20 lm-diameter circle-shaped patterns would undergo apoptosis. By further decreasing the diameter size of these circle-patterns from 20 to 10 lm, the percentage of apoptotic cells adhered on these patterns progressively increased. Similar results were observed in a later study from Dike et al. [13] . These results demonstrate that the cell shape is one of the important factors to determine the fate of a cell. Chiu et al. fabricated cell culture dishes utilizing collagen gels with different stiffness [57] . The results indicate that soft substrates could induce apoptosis in polarized cells. It appears that the soft collagen gels can up-regulate the store-operated calcium influx across the cell membrane to increase the cytosolic calcium levels. This disturbed calcium homeostasis eventually resulted in the activation of l-calpain, which cleaves l-spectrin to induce actin disorganization and apoptosis.
Differentiation
Although the molecular mechanisms involved in the renewal and apoptosis of cells appear different, ample evidence has shown that those two processes are related in cells under different mechanical/physical/chemical environment. Indeed, geometric control of the substrate can switch the adhered cells between growth, apoptosis, and differentiation [13] . Differentiation is the process of cells becoming more specialized types. It starts right after the formation of a zygote, which differentiates into a complex system containing different tissue and cell types. This process also exists in the adult organism, usually occurring as a part of regenerative process for wound repair and tissue regeneration. For stem cells, differentiation is one of their most important features. External cues, including microenvironment, biomolecules, and the substrates, can regulate the gene expression of stem cells to switch and govern the cell fate. Here, we highlight several cases demonstrating that micro/nano-fabrication techniques were applied to manipulate the cellular microenvironment to regulate stem cell differentiation. McBeath et al. showed that different shapes of micropatterns can lead human mesenchymal stem cells to differentiate into adipocytes or osteoblasts [40] . The results showed that stem cells seeded on ECM with low density could differentiate into adipocyte-like cells, while those seeded on ECM with high density appeared more osteogenic. Further results indicated that these mesenchymal stem cells seeded on small or large-size patterns could differentiate into adipocytes or osteoblasts, respectively. A recent study from the same group further revealed the mechanism of stem cell differentiation on different shapes of patterns [54] . It appears that geometry determines spatial distribution of cytoskeletal tension, which regulates the differentiation of stem cells. Indeed, the cell tensions of different patterns at different locations are different, as shown in Fig. 3 . Cells on the convex part of the patterns are subjected to high cellular tension, which guides MSCs to differentiate into osteoblasts. Cells at the concave part of the patterns have lower cellular tension which leads MSCs to differentiate into adipocytes. Similar results were obtained in threedimensional cell patterns. These results are consistent with previous observations that stem cells can differentiate differently on substrates with different stiffness [14] . Consistently, direct mechanical loading can also affect the differentiation commitment of stem cells [42] .
Cell growth and proliferation
Cell growth and proliferation refer to the growth of cell population, which are dependent on the cell adherence to solid surfaces. The whole process of cell proliferation starts with cells adhering to the substrate surface, with parental cells dividing to generate daughter cells. More populated cells then migrate out to continuously colonize the surface until a crowded cell sheet is formed and proliferation stopped. O'Neill et al. seeded whole mouse embryo (WME) and NIH 3T3 cells on patterned areas with different size [44] . The results indicate that the DNA synthesis for WME cells is limited whereas a 6-fold increase could be observed in NIH 3T3 cells when the cells were constrained on a small growing area. Therefore, the alteration of shape or area where cells are seeded can significantly affect the synthesis of DNA and, subsequently, cell proliferation. Consistently, it has been shown that cells cultured on nano-structured PDMS surfaces have higher proliferation and lower apoptosis rate [60] .
Cell migration
Cell migration plays a central role in regulating cellular functions, including embryonic development, immune response, and wound healing process. Any error occurring during the cell migration process can lead to severe pathophysiological consequences, including tumor formation, vascular disfunction, or malformation during the development of organisms. Micro/nano-fabrication technologies have provided powerful tools to study the migration of single or multiple cells, by controlling the adhesion areas or the topography of the ECM where cells can migrate on. It becomes clear that cell migration is mainly determined by two systems: intracellular signaling mechanism and extracellular physical/biochemical cues. The intracellular signaling mechanism includes the signals controlling the cell protrusion in the leading edge, integrin-mediated membrane adhesion to the substrate, formation and stabilization of attachments, and contraction and detachment from the substrate in the rear edge. Physical/biochemical cues are mainly related to the cellular microenvironment which includes chemical stimulation and physical topography [34, 49, 52] . In this section, we will focus on the regulation of cell migration directed by microenvironment cues.
The lamellipodia-like protrusion of cells seeded on micro-patterned surface can be induced by EGF stimulation. Bailly et al. created vitronectin-patterned lines on the gold surface where MTLn3 cells were constrained to grow [3] . EGF can be clearly observed to stimulate lamellipodia extension out from the adhesive pattern toward the inert areas. Saadi et al. [55] developed a simple microfluidic device for generating stable concentration gradients of IL-8 in 2D and 3D environments. With this device, neutrophil chemotaxis and migration can be observed and monitored. Similar method was also developed by Jeon et al. [28] . The topography of ECM can also control cell migration through physical cues. Wood showed that mesenchymal fish cells cultured on different patterns on micro-fabricated quartz discs could predominantly align and migrate parallelly along the long axis of the adhesive patterns after a few hours of culture [62] . These polarization and alignment effects can also be found in other cell types, including oligodendrocytes [61] and hippocampal neurons [19] and fibroblast (Fig. 4) [23] .
This platform of applying micro/nano-fabrication technologies to create special microenvironment has proven to be a versatile and powerful tool for the study of cell migration. It provides a well-controlled cell culture environment in which cells can be observed in real time. Furthermore, it allows us to integrate both biophysical and biochemical factors, which is necessary in mimicking biological conditions as cells constantly receive environmental signals in both soluble and insoluble forms. Indeed, micro/nano-fabrication technique has been successfully applied for the study of cellular functions related to migration, such as adhesion on quasi three-dimensional cell microenvironment [4, 26] , and artificial mirco/nanostructures [38] .
Live cell imaging of signaling transduction and micro/nano-technologies
Recent advancement in imaging technologies has allowed the visualization of molecular signaling cascades in live cells [46, 60] . In particular, the development of various fluorescent proteins (FPs) and genetically encoded molecular biosensors based on fluorescence resonance energy transfer (FRET) utilizing FPs have provided unprecedented capability for researchers to study molecular signals in live cells with high spatiotemporal resolutions. Together with micro/nano-fabrication technologies, these visualization tools can investigate the dynamic molecular signals at subcellular levels when cells are subjected to different micro/nano-environment. As such, the detailed molecular hierarchies and networks governing the cellular responses toward the environment can be elucidated. Here, we briefly introduce the recent work in this area. A synthetic oligopeptide with a FRET capability was successfully designed to monitor the cell traction force and the mechanical stiffness of substrate where cells are seeded [32] . FRET has also been applied to measure the RhoA activities at cell edges on top of micro-patterned inert surfaces [21] . When cells were constrained to grow and migrate on micro-patterned strips, a membrane-type matrix metalloproteinase (MT1-MMP) can be observed by a FRET biosensor to concentrate at the leading edge of migrating cells with a high activity [46] . Together with the FRET biosensors of Rac1 and Src, the same micro-patterned strips allowed the observations of a highly polarized Rac1 activity concentrated at the leading edge, but a relatively uniform distribution of Src activity [46] . Since Src and Rac1 are mutually regulating each other globally, the results suggest that molecules within the same signaling feedback loop can be differentially regulated at different subcellular locations.
Further results revealed that when cells constrained on micro-patterned strips were exposed to epidermal growth factor (EGF), a decrease of RhoA and an increase of Src activities with biphasic time courses can be observed [31] . This is different from cells adhered on non-patterned areas where both RhoA and Src activities upon EGF stimulation appeared monophasic. Further experiments indicate that the microenvironment effect in causing the biphasic RhoA activation time course is mediated by Src and actomyosin machinery. Another study utilizing a calcium FRET biosensor indicates that mesenchymal stem cells cultured on engineered soft substrates have reduced calcium oscillation comparing to those on stiff surfaces [30] . Further results indicate that this substrate rigidity-regulated Ca 2? oscillation is mediated by RhoA and its downstream molecule ROCK. Therefore, the integration of molecular imaging technologies, particularly FRET biosensors, with micro/ nano-fabrication tools can allow the revelation of molecular signals in live cells controlling the cell-environment interactions.
Conclusion and future directions
In summary, micro/nano-fabrication techniques have provided scientists with powerful tools to control cellular micro-environment, mimicking both the physiological and pathological environment. The control of cellular microenvironment, both physically and biochemically, can allow the study of fundamental molecular mechanisms regulating vital cellular functions. In particular, the regulation of stem cell differentiation by microenvironment can not only advance our understanding of the mechanism of stem cell differentiation, but also facilitate the development of new methods to grow biocompatible artificial organs/tissues to replace the dysfunctional counter parts in vivo. Indeed, Hartman et al. [20] have recently shown that cancer cells on three-dimensional environment were suitable models for the development and testing of anti-neoplastic drugs. Micro/nano-technologies have also been applied in the clinic studies [43, 47] , medical assays [2, 8] , tissue engineering [1, 18, 24, 26] , and drug development [29] . While all these applications have had significant impact on different fields, they are not discussed in detail because this review article is mainly focused on the studies integrating micro/nano-fabrication technologies to elucidate the molecular mechanism of signaling transduction in cell biology.
For the future research activities, we expect more work on the integration of micro/nano-technology and molecular imaging in live cells to elucidate the detailed molecular mechanisms on how cells perceive the micro/nano-environmental cues and coordinate the signals cascades for appropriate responses. This will further our in-depth understanding of the cell-environment interaction and help the development of new technologies/reagents against related diseases. Fig. 4 Effect of microenvironment on single cell polarization. a The panels show (left) the lateral force microscopy image of the control symmetric nanoarray of immobilized linear RGD peptide (500 nm spots with 3 lm distance apart) and (right) the representative fluorescence micrograph of a 3T3 Swiss Albino mouse fibroblast adhered on this symmetric nanoarray. The diffusive distribution of the Golgi complex surrounding the nucleus indicates that the cell is not polarized on the symmetric nanoarray. b The panels show (left) the lateral force microscopy image of an expanded area of an asymmetric nanoarray composed of two different patterns and (right) the representative fluorescence micrograph of a 3T3 Swiss Albino mouse fibroblast adhered on this asymmetric nanoarray. The position and orientation of the Golgi complex with respect to the nucleus indicates that the cell is polarized toward the higher density region of the array. The cells were stained for nuclei (bright circle in the middle), Golgi complex (bright clusters next to the nuclei), and actin (bright fiber bundles) (reprinted with permission from [23] )
